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A B S T R A C T
Purpose: Decompressive craniectomy (DC) is a life-saving measure for traumatic brain injury (TBI), but
acute seizures following this procedure may have a devastating effect. We aim to investigate the clinical
characteristics of acute post-craniectomy seizures.
Methods: For this retrospective study, we enrolled 195 patients undergoing DC for TBI. Acute post-
craniectomy seizure was deﬁned as seizures occurring within 7 days of DC.
Results: The incidence of acute seizure was 10.8% (21/195). 19 of 21 seizures occurred within 3 days
following DC. None progressed to status epilepticus, but 16 of 21 patients (76.2%) with acute seizure
developed epilepsy. There was no independent risk factor in the multivariate regression model. The
mean hospital stay was 44.8  34.6 and 28.8  32.3 days for patients with and without acute seizures,
respectively (p = 0.035). The neurological outcome at discharge showed no inter-group difference (p = 0.917).
The in-hospital mortality rate was 28.6% for patients with seizures and 31.0% for patients without seizures
(p = 0.817).
Conclusion: Acute seizures occur mostly within the ﬁrst 3 days following DC. Neurological outcome and
mortality rate at discharge does not differ between patients with or without seizures, but the duration of
hospital stay is signiﬁcantly longer for acute seizure patients.
 2014 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
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jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
Traumatic brain injury (TBI) poses a public health problem and
constitutes a major cause of death and severe disability worldwide.
Malignant brain swelling with or without a traumatic mass lesion
results in intracranial hypertension, which has devastating effects.
Decompressive craniectomy (DC) has been frequently used in the
treatment of TBI, and is an effective means of controlling high
intracranial pressure.1,2 While DC is technically straightforward,
patients may continue to have profound injury after the life-saving
surgery due to secondary complications of TBI. Seizure is one of the
major recognized morbidities of TBI. The increased risk of seizures
after TBI varies greatly according to the severity of the injury and
the time lapse since incurring the injury.3 Most of the patients* Corresponding author at: Department of Surgery, Kaohsiung Armed Forces
General Hospital, No. 2, Zhongzheng 1st Road, Lingya District, Kaohsiung City,
Taiwan. Tel.: +886 7 7496751; fax: +886 7 7496751.
E-mail address: oucu2003@yahoo.com.tw (C.-Y. Ou).
http://dx.doi.org/10.1016/j.seizure.2014.10.008
1059-1311/ 2014 British Epilepsy Association. Published by Elsevier Ltd. All rights reundergoing DC fall into the severe head injury category, and thus
this population is at high risk of seizures.4,5
Seizures increase the metabolic demand of the brain and can be
harmful,6 especially for critically ill patients who struggle with
primary insults during the acute phase after DC. Up to now, acute
post-craniectomy seizure in traumatically brain-injured patients
has not been well analyzed. An increased understanding of the
natural course and the type of acute seizure may provide an
opportunity to improve the therapeutic results. In addition, the
ability to distinguish individuals at risk of the sequela is important
for informing clinical management. In this study, we retrospective-
ly collected the parameters of patients undergoing DC for TBI. Our
goals were to determine the incidence, features, and possible risk
factors of acute post-craniectomy seizure, and to compare out-
comes between patients with or without development of seizure.
2. Methods
This retrospective cohort study was carried out at the 22-bed
neurosurgical intensive care unit in Kaohsiung Chang Gungserved.
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consent from the institutional review board, we reviewed
201 patients that had undergone DC for TBI from January 2006
through December 2008. We excluded 5 patients who had seizure
before DC and 1 patient that had an underlying epilepsy history.
Thus, 195 patients were enrolled for analysis. Trained research
staff collected detailed clinical data, including the patients’
demographic information, underlying medical diseases, mecha-
nisms of injury, Abbreviated Injury Scale (AIS), Glasgow Coma
Score (GCS), and pupil reactivity from computerized or paper
medical records using standardized abstraction forms.
The patients received a computed tomography (CT) scan of the
brain at admission or before surgery. Follow-up CT scans were
obtained in cases of acute onset of focal neurological deﬁcits,
deteriorated consciousness, or absence of neurological improve-
ment. The following features on the CT scans before DC were
evaluated: the presence of subdural hemorrhage, subarachnoid
hemorrhage, intraventricular hemorrhage, epidural hemorrhage,
contusional hemorrhage, skull fracture, and midline shift mea-
sured as the deviation of the septum pellucidum from the central
position. The patients were categorized using the Marshall CT
classiﬁcation, which stratiﬁed TBI into 6 categories of varying
severity.7
The clinical indications of DC for TBI were as follows8. Primary
DC was deﬁned as surgical decompression, with or without brain
tissue removal, primarily for the evacuation of any type of
intradural lesion. The aim of prophylactic craniectomy was to
avoid expected postsurgical increases in intracranial pressure.
Secondary DC was performed in patients whose high intracranial
pressure (>25 mmHg) was refractory to medical treatment,
including 30-degree head elevation, sedation, analgesia, mild
hyperventilation (PCO2 30–33 mmHg), normothermia, and
osmotherapy. Any patients who had undergone an initial surgical
procedure to evacuate a space-occupying lesion, and subsequently
developed delayed brain swelling, were also included in the
category of secondary DC. When brain swelling was limited to one
cerebral hemisphere, unilateral hemicraniectomy was performed.
For bilateral hemispheres or frontal swelling, bilateral hemicra-
niectomy or bifrontal craniectomy was chosen, respectively. The
dura mater was opened, and the opening was extended to the bone
margins. The brain surface was covered loosely by the remaining
dura or an artiﬁcial dural substitute without a closure. An
intracranial pressure device for perioperative monitoring was
suggested and implanted in selected cases.
Acute post-craniectomy seizure was deﬁned as seizures
occurring within 7 days of DC for TBI. Epilepsy was the occurrence
of repeated seizures during hospitalization. Patients with acute
seizures were immediately administered anti-epileptic drugs
(AEDs), which included phenytoin or valproic acid as ﬁrst-line
medicines. Prophylactic AED therapy was used in some of the cases
after DC, based on the neurosurgeons’ decision.
Neurological outcome was assessed at discharge using the
Glasgow Outcome Scale (GOS) as follows: 1 = death; 2 = persistent
vegetative state; 3 = severe disability with inability to live
independently, but the ability to follow commands; 4 = moderate
disability with the ability to live independently but inability to
return to work or school; and 5 = mild or no disability with the
ability to return to work or school. For use as the dichotomous
variables, unfavorable and favorable outcomes were deﬁned by
GOS scores of 1–3 and 4–5, respectively.
Data were analyzed using SPSS version 20.0 (IBM SPSS
Statistics). Descriptive statistics were presented as frequencies
(percentages) or as mean and standard deviation (SD). The
categorical variables were compared using the chi-square test or
Fisher’s exact test. The continuous variables were assessed using
the Student’s t-test or Mann–Whitney U-test. Multivariate logisticregression was performed to adjust for independent risk factors of
acute post-craniectomy seizures, and the results were expressed as
odds ratios with 95% conﬁdence intervals. A p value of less than
0.05 was considered to be statistically signiﬁcant.
3. Results
3.1. Patient characteristics
The 195 patients who underwent DC for TBI included 139 male
and 56 female subjects. The mean age was 45.5  20.4 years, and 40
patients were older than 65 years. Underlying medical diseases
included 35 cases of diabetes mellitus, 48 of hypertension, 5 of
coronary artery disease, 3 of end stage renal disease, and 39 cases of
alcoholism. The mechanisms of head injury were as follows: 150
trafﬁc accidents, 43 fall accidents, and 2 other causes. At admission,
the number of patients with AIS - head 4, 5, and 6 was 40, 145, and 10,
respectively. Neurological assessment before DC showed 42 patients
with a GCS of 9–15, 87 patients with a GCS of 6–8, and 66 patients
with a GCS of 3–5. Pupillary examination identiﬁed 93 patients with 2
reacting pupils, 12 with one reacting pupil, and 90 with both non-
reacting pupils. Emergency surgery within 24 h after head trauma
was performed for 164 patients, and 31 patients were treated with
delayed surgery (>24 h after injury). Unilateral frontotemporopar-
ietal hemicraniectomy was performed for 177 patients, and
18 underwent bilateral hemicraniectomy or bifrontal craniectomy
at the initial surgery. Thirty-six patients received prophylactic AEDs
after surgery.
3.2. CT ﬁndings and classiﬁcation
The individual CT scan features included 86.7% of cases with
subdural hemorrhage, 83.6% with subarachnoid hemorrhage, 8.2%
with intraventricular hemorrhage, 55.9% with contusional hem-
orrhage, 12.8% with epidural hemorrhage, and 64.1% with skull
fracture. A midline shift of more than 5 mm was seen in 72.8% of
cases. The Marshall CT classiﬁcation was III, IV, and V in 3.1%, 2.1%,
and 94.9% of patients, respectively.
3.3. Features of acute post-craniectomy seizures
Acute seizure was documented in 21 of the 195 patients within
7 days of DC for TBI, and the overall incidence was 10.8%. The mean
time interval between acute seizure and DC was 2.6  1.5 days.
Most of seizures (90.5%) occurred within 3 days following craniect-
omy, and Fig. 1 shows the distribution of the timing of seizure for the
21 patients. Regarding seizure sub-types, 4 (19%) were generalized
seizures, and the remaining 17 (81%) were focal seizures. None
progressed to status epilepticus, but 16 of the 21 patients with acute
seizure (76.2%) developed epilepsy during hospitalization. Three of
the 21 seizure patients received prophylactic AED. After acute seizure
attack, 18 were treated with phenytoin, 2 with valproic acid, and the
remaining 1 with phenytoin plus valproic acid as ﬁrst-line medica-
tions.
3.4. Risk factors for acute post-craniectomy seizures
Statistical analysis identiﬁed the signiﬁcant inter-group differ-
ences in clinical parameters as follows: age >65 years (p = 0.046),
diabetes mellitus (p = 0.03), hypertension (p = 0.01), and end stage
renal disease (p = 0.031) (Table 1). Multivariate regression analysis
was used to investigate the value of potential risk factors and
adjust for the confounding effect of other parameters. Age >65
years, diabetes mellitus, hypertension, and end stage renal disease
were not signiﬁcantly relevant in this multivariate model (Table 2).
Fig. 1. Distribution of timing of acute seizures following decompressive
craniectomy.
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The mean hospital stay was 44.8  34.6 and 28.8  32.3 days for
patients with and without acute post-craniectomy seizures, respec-
tively (p = 0.035). There were no inter-group differences in GCS
(p = 0.191) or neurological outcomes (p = 0.917) at discharge. The in-
hospital mortality rate was 28.6% for patients with seizures and 31.0%
for patients without seizures (p = 0.817) (Table 3).
4. Discussion
Seizure is a well-known potential sequela of TBI, and is a source
of disability. Although the frequency of post-traumatic seizures for
all types of head injuries varies, the literature is in agreement that
increased severity of TBI appears to lead to an increased risk of
seizures.3,9,10 When only severe head injuries are considered, the
incidence of seizures is 10–35%.3 In clinical practice, severely head-
injured patients often develop malignant brain swelling, and need
aggressive DC to ameliorate the raised intracranial pressure. DC
improves cerebral blood perfusion and oxygenation, but acute
post-craniectomy seizure may counteract the positive effects of
DC. A few reports documented the incidence of acute or short-term
seizures following DC for TBI. Yang et al. reported the occurrence
rate of seizure within 7 days after craniectomy was 7% for a series
of 108 consecutive cases.4 In a retrospective study conducted by
Honeybu et al., 17 of 164 patients that underwent DC (10.3%)
developed seizures following the head injury and prior to
cranioplasty.5 Our results showed that the rate of acute post-
craniectomy seizure was 10.8% which was close to the percentages
reported in prior studies. More than 90% of acute seizure attacks
occurred within the ﬁrst 3 days following DC, and the majority of
seizures were of the focal subtype. Our data can provide additional
information for clinicians to assist with intensive postoperative
care.
TBI can be classiﬁed into primary damages that result from a
direct mechanical force to the brain, or those that result from
secondary injury. The situation is further complicated by the
likelihood that variables such as the level of brain maturation,
site and distribution of the injury, pattern of trauma, and otherfactors may affect the seizure events. In addition, neurosurgical
insults are reported to lead to seizures. Manaka et al. postulate 2
different mechanisms: 1 is mediated by free radical generation
and the other by an impaired ion balance across the cell
membrane caused by ischemia or hypoxia.11 For patients
undergoing DC for TBI, the cerebral manipulation that occurs
with the decompressive procedure may have some inﬂuence,
even though it would appear that the seizure develops primarily
because of the severe head injury.5 In reality, the urgency of
trauma surgery usually renders careful dissection of the surgical
planes difﬁcult. Extensive coagulation or sacriﬁce of the
contusion parenchyma or artery impairs perfusion of the
regional brain tissue, which may predispose to the development
of seizures.
The risk factors that have been found to be signiﬁcant for the
development of seizures after TBI include acute intracerebral or
subdural hematoma, brain contusion, increased head injury
severity, being a child or elderly person, chronic alcoholism,
number of comorbid conditions, etc.10,12,13 For the patients
requiring DC for TBI in this study, there were no independent
factors that put them at risk of acute seizure in the multivariate
regression model. One reason may be that all of the patients fell
into the severe head injury category, and the established risk
factors for seizures were too frequently presented to discriminate
differences in this population. Another reason is the small sample
size of the seizure group. Thus, non-signiﬁcance should not simply
be interpreted as non-relevant, as the variables may have a
genuine inﬂuence, but be undetectable.
In this series, the patients with acute post-craniectomy
seizures could be well controlled with immediate medication,
and none progressed to status epilepticus. However, up to 76.2% of
the acute seizure patients later developed epilepsy. This is
compatible with the documented ﬁnding that the presence of
early seizure is the most consistently signiﬁcant risk factor for the
development of post-traumatic epilepsy.10,13,14 In addition, our
results revealed that 8.3% (3/36) and 11.3% (18/159) of patients,
with and without prophylactic AEDs, respectively, had acute
seizures. In 1990, Temkin et al. also reported that phenytoin
exerted a beneﬁcial effect by reducing seizures during the ﬁrst
week after severe head injury.15 Although the possible beneﬁt of
the use of AEDs is a decrease in clinically recognized seizure,
pharmacotherapeutic uncertainty exists regarding the need,
choice of drug, dosing, and duration of seizure prophylaxis
following DC for TBI. As a retrospective study, it would be difﬁcult
to evaluate both the efﬁcacy and adverse effects of AED
prophylaxis for acute post-craniectomy seizure, and then draw
a conclusion.
Seizures after TBI are associated with evidence of secondary
excitotoxicity and disturbed brain metabolism.6,16–18 Our major
concern is whether acute post-craniectomy seizure inﬂuences the
short-term outcomes of head-injured patients. In this study, the
neurological outcome or mortality rate of patients with seizure
was compatible with that of patients without seizure at discharge.
However, the duration of hospital stay was signiﬁcantly longer for
acute seizure patients, which meant that the patients suffered
more and consumed additional medical resources. Therefore,
clinicians should not overlook this acute-phase complication in the
intensive care of patients after DC for TBI.
This study has several potential limitations. It was a retrospec-
tive review of preexisting data and suffers from the inherent
limitations of such studies. Data collection through chart and
imaging reviews is less complete and less accurate than planned
research. Variations in the assessment of neurological status
account for the observed differences in the results. This study
included one of the larger series of patients with DC for TBI;
however, from a statistical standpoint, the number of patients was
Table 3
Comparisons of the clinical outcomes of patients with or without acute seizures.
Total cases 
N = 195 
Hospital stay (day) 30.5  32.9 
GCS score at discharge 
9–15 108 (55.4%) 
6–8 12 (6.2%) 
3–5 75 (38.5%) 
Neurological outcome at discharge 
Favorable 67 (34.4%) 
Unfavorable 128 (65.6%) 
In-hospital mortality 60 (30.8%) 
Table 1
Comparisons of clinical characteristics of patients with or without acute post-craniectomy seizures.
Total cases With seizure Without seizure p value
N = 195 N = 21 N = 174
Gender 0.315
Male 139 (71.3%) 13 (61.9%) 126 (72.4%)
Female 56 (28.7%) 8 (38.1%) 48 (27.6%)
Age > 65 years 40 (20.5%) 8 (38.1%) 32 (18.4%) 0.046
Underlying medical diseases
Diabetes mellitus 35 (17.9%) 8 (38.1%) 27 (15.5%) 0.03
Hypertension 48 (24.6%) 10 (47.6%) 38 (21.8%) 0.01
Coronary artery disease 5 (2.6%) 2 (9.5%) 3 (1.7%) 0.091
End stage renal disease 3 (1.5%) 2 (9.5%) 1 (0.6%) 0.031
Alcoholism 39 (20.0%) 5 (23.8%) 34 (19.5%) 0.577
Mechanism of head injury 0.871
Trafﬁc accident 150 (76.9%) 16 (76.2%) 134 (77.0%)
Fall accident 43 (22.1%) 5 (23.8%) 38 (21.8%)
Others 2 (1.0%) 0 (0.0%) 2 (1.1%)
AIS of head 0.504
4 40 (20.5%) 4 (19.0%) 36 (20.7%)
5 145 (74.4%) 17 (81.0%) 128 (73.6%)
6 10 (5.1%) 0 (0.0%) 10 (5.7%)
GCS score 0.862
9–15 42 (21.5%) 5 (23.8%) 37 (21.3%)
6–8 87 (44.6%) 10 (47.6%) 77 (44.3%)
3–5 66 (33.8%) 6 (28.6%) 60 (34.5%)
Pupil reactivity 0.378
Both reacting 93 (47.7%) 12 (57.1%) 81 (46.6%)
One non-reacting 12 (6.2%) 0 (0.0%) 12 (6.9%)
Both non-reacting 90 (46.2%) 9 (42.9%) 81 (46.6%)
Features of precraniectomy CT
Subdural hemorrhage 169 (86.7%) 19 (90.5%) 150 (86.2%) 0.745
Subarachnoid hemorrhage 163 (83.6%) 15 (71.4%) 148 (85.1%) 0.123
Intraventricular hemorrhage 16 (8.2%) 3 (14.3%) 13 (7.5%) 0.389
Contusional hemorrhage 109 (55.9%) 13 (61.9%) 96 (55.2%) 0.557
Epidural hemorrhage 25 (12.8%) 1 (4.8%) 24 (13.8%) 0.485
Skull fracture 125 (64.1%) 13 (61.9%) 112 (64.4%) 0.824
Midline shift >5 mm 142 (72.8%) 17 (81.0%) 125 (71.8%) 0.375
Marshall CT classiﬁcation 0.457
III 6 (3.1%) 0 (0.0%) 6 (3.4%)
IV 4 (2.1%) 1 (4.8%) 3 (1.7%)
V 185 (94.9%) 20 (95.2%) 165 (94.8%)
Interval from head injury to craniectomy 0.751
224 h 164 (84.1%) 17 (81.0%) 147 (84.5%)
>24 h 31 (15.9%) 4 (19.0%) 27 (15.5%)
Prophylatic AED following craniectomy 0.771
Yes 36 (18.5%) 3 (14.3%) 33 (19.0%)
No 159 (81.5%) 18 (85.7%) 141 (81.0%)
Table 2
Multivariate analysis of potential risk factors of acute post-craniectomy seizures.
Acute post-craniectomy seizure
Odds ratio (95% CI) p value
Age >65 years 1.834 (0.546–6.160) 0.326
Diabetes mellitus 2.148 (0.716–6.446) 0.173
Hypertension 1.468 (0.418–5.163) 0.549
End stage renal disease 10.221 (0.717–145.648) 0.086
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the signiﬁcance of some risk factors. In addition, the ﬁndings reﬂect
the experience of a single large urban medical center; hence, the
results may not be representative of all craniectomized patients
after TBI in other institutes. Even with these issues in the
preliminary analysis, we consider that these data provide valuable
information for neurocritical care and possible avenues for disease
modiﬁcation.With seizure Without seizure p value
N = 21 N = 174
44.8  34.6 28.8  32.3 0.035
0.191
9 (42.9%) 99 (56.9%)
3 (14.3%) 9 (5.2%)
9 (42.9%) 66 (37.9%)
0.917
7 (33.3%) 60 (34.5%)
14 (66.7%) 114 (65.5%)
6 (28.6%) 54 (31.0%) 0.817
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Acute post-craniectomy seizures occur in 10.8% of patients with
TBI, and most take place within the ﬁrst 3 days following DC.
Neurological outcome and the mortality rate at discharge do not
differ between patients with or without seizures, but the duration
of hospital stay is signiﬁcantly longer for acute seizure patients.
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